Responses of neuronal nitric oxide synthase expression in the brainstem to electroacupuncture Zusanli (ST 36) in rats.
Recent studies have reported that l-arginine-derived nitric oxide (NO) in the gracile nucleus modifies the hypotensive responses to electroacupuncture (EA) stimulation of Zusanli (ST 36). The purpose of this study was to examine the influence of EA stimulation of ST 36 on neuronal NO synthase (nNOS) expression in the brainstem nuclei in rats. EA stimulation of ST 36 and a non-acupoint was performed using 3 Hz of stimulation for 10 s every 2 min for a period of 120 min in rats anesthetized with ketamine. Rats in the sham-treated group received surgery and EA needles were placed into the acupoints without performing the stimulation. After 2-h stimulation and sham treatment, animals were perfused with 4% paraformaldehyde. Sections of rat medulla were examined by immunolabeling with a polyclonal antibody directed against nNOS. The brainstem nuclei were also visualized by NADPH-diaphorase histochemistry, a marker of nNOS activity. nNOS expression and NADPH-diaphorase reactivity were quantified by using a microscope with reticule grid to count the number of positive cells over a nucleus. Unilateral EA stimulation of ST 36 in rats caused increases in nNOS immunostained cells in the rostral region of the ipsilateral gracile nucleus, but was not altered in the contralateral gracile nucleus compared with sham-treated rats (P < 0.05, n = 6-7). NADPH-diaphorase-positive cells were also increased in the ipsilateral gracile nucleus of rats with EA stimulation. nNOS immunostaining and NADPH-diaphorase-positive neurons were significantly increased in both ipsilateral and contralateral sides of the medial nucleus tractus solitarius (mNTS) in rats receiving EA ST 36 compared with sham-treated animals (P < 0.05). nNOS immunostaining and NADPH-diaphorase reactivity was neither altered in the gracile nucleus and mNTS of non-acupoint stimulated rats nor other brainstem nuclei in rats with EA ST 36. These results show that nNOS immunoreactivity and NADPH-diaphorase reactivity are consistently increased in the gracile nucleus and the mNTS by EA ST 36. We conclude that EA ST 36 induces nNOS expression in the gracile nucleus and mNTS, and enhanced nNOS-NO in the nuclei may modify central cardiovascular regulation, which contribute to hypotensive effects of acupuncture.